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(57) ABSTRACT 

Methods of detecting a dimorphic fungus, including differ 
entiating a dimorphic fungus from other fungi are disclosed. 
A sample suspected of containing a nucleic acid of a fungus, 
such as an internal transcribed spacer-2 (ITS2) nucleic acid 
sequence of a dimorphic fungal rDNA, is screened for the 
presence or absence of that nucleic acid. The presence of the 
nucleic acid indicates the sample Was contacted by the 
fungus. Determining Whether the nucleic acid sequence is 
present in the sample can be accomplished by detecting 
hybridization betWeen a dimorphic probe, species-speci?c 
probe, and/or microbe-speci?c probe and a nucleic acid 
sequence corresponding to the ITS2 region of fungal rDNA. 
Kits and arrays for carrying out these methods also are 
disclosed. 
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NUCLEIC ACIDS FOR THE IDENTIFICATION OF 
FUNGI AND METHODS FOR USING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application No. 60/325,214, ?led on Sep. 26, 
2001. 

FIELD 

[0002] This invention relates to molecular identi?cation of 
fungi, including methods of identifying fungi based on 
unique genetic characteristics, such as using nucleic acid 
probes to detect the presence of and identify nucleotides 
obtained from species and classes of fungi. 

BACKGROUND 

[0003] The incidence of disease caused by pathogenic and 
opportunistic fungi has been increasing over the past decade. 
See, e.g., McNeil, M. M, et al., Clin. Infect. Dis. 33:641-47 
(2001); Ampel, N. M., et al., Clin. Infect. Dis. 27:1528-30 
(1998); National Nosocomial Infections Surveillance 
(NNIS) System report, data summary from January 1990 to 
May 1999, Am. J. Infect. Control 27:520-32 (1999). In 
humans, these fungal infections are especially prevalent in 
people With suppressed immune systems, such as HIV 
positive and severely ill patients. For example, Penicillium 
marne?ei is the third most common cause of opportunistic 
infections in patients With AIDS in Thailand. Vanittanakom 
N., Sirisanthana T., Curr. Top. Med. Mycol. 8:3542 (1997). 
Additionally, R chrysogenum and R citrinum have been 
recogniZed as the cause of human disease. 

[0004] Diagnosis of fungal infections is typically made by 
isolating the infective organism in culture, by serologic 
assays, or through histopathologic examination of tissue. 
See, e.g., Hamilton, A. J., Med. Mycol. 36:351-64 (1998). 
HoWever, pathogenic fungi may require several Weeks to 
groW, and a positive culture may represent benign coloni 
Zation, rather than true invasion and infection, especially 
When opportunistic organisms are isolated. Serologic tests 
on a single serum sample to detect circulating antifungal 
antibodies may be inconclusive (especially in immunosup 
pressed subjects). The acquisition of paired acute and con 
valescent sera, Which is necessary for a de?nitive serologic 
diagnosis, requires an additional 3 to 4 Weeks before con 
valescent serum can be obtained. Morrison C. J ., and Lind 
sley, M. D., in Fungal Pathogenesis: Principles and Clinical 
Applications (NeW York: Marcel Dekker Inc., 2001; Cal 
derone R. A., and Cihlar R. L., eds.). Therefore, histopatho 
logic examination of tissue sections Was often the most 
rapid, and sometimes the only, method available to diagnose 
invasive fungal disease. HoWever, histopathologic diagnosis 
of fungal infections is usually made through morphologic 
criteria, and fungi With atypical morphologic features can be 
dif?cult to identify and diagnose. In addition, fungi for 
Which different anti-fungal therapies could be used often 
look morphologically similar in tissue sections. 

[0005] The relatively recent development of automated 
DNA synthesis has alloWed production of molecular probes 
With consistently de?ned properties that may result in 
increased test sensitivity, speci?city, and reproducibility. 
Past research in the molecular identi?cation of fungi has 
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typically concentrated on a single species or genus of a 
fungus. See, e.g., LoBuglio, K. F., and J. W. Taylor, J. Clin. 
Microbiol. 33:85-89 (1995); Lof?er, J., et al., Med. Mycol. 
36:275-79 (1998). For example, US. Pat. Nos. 5,631,132; 
5,426,027; 5,635,353; and 5,645,992; and PCT publication 
WO 98/50584, disclose nucleic acid probes and methods for 
detecting fungal species based on a certain region (the ITS2 
region) of rDNA. Additionally, some methods of molecular 
identi?cation of fungi can be very difficult or cumbersome 
to perform, or require expensive, specialiZed equipment. 
See, e.g., Sandhu, G. S., et al., J. Clin. Microbiol. 35:1894 
96 (1997); Sandhu, G. S., et al., J. Clin. Microbiol. 33:2913 
19 (1995); and Turenne, C. Y., et al., J. Clin. Microbiol. 
37:1846-51 (1999). 

SUMMARY 

[0006] Disclosed is a method of detecting a dimorphic 
fungus, including a method of differentiating the dimorphic 
fungus from non-dimorphic fungi, including fungi of the 
same biological genus. 

[0007] In some embodiments, a sample suspected of con 
taining a nucleic acid of a fungus, such as an internal 
transcribed spacer-2 (ITS2) nucleic acid sequence of a 
dimorphic fungal rDNA, is screened for the presence or 
absence of that nucleic acid. Any suitable sample, including 
a biological sample (e.g., blood, sputum, bronchoalveolar 
levage, or biopsied tissue) can be used, and the nucleic acid 
can be ampli?ed Within the sample, such as by the poly 
merase chain reaction (PCR). In particular embodiments, the 
nucleic acid is detected and identi?ed by a polymerase chain 
reaction enZyme-immunoassay (PCR-EIA). The presence of 
the nucleic acid indicates the sample Was contacted by the 
fungus, such as samples presently containing the fungus. 
The dimorphic fungi include, but are not limited to, Histo 
plasma capsulatum, Blastomyces dermatitia'is, Coccia'ioides 
immitis, Paracoccidioides brasiliensis, and Penicillium 
marne?ei. 
[0008] If PCR is used to amplify the nucleic acid in the 
sample, an ITS1 or ITS4 primer (listed in SEQ ID NO: 1 and 
SEQ ID NO: 2) can be used. While the ITS3 sequence (SEQ 
ID NO: 3) can be used as a probe, ITS3 also can be used as 
a PCR primer for amplifying the ITS2 region. 

[0009] A sample can be prepared by processing and 
extracting nucleic acids from a sample. In some embodi 
ments, a high-throughput DNA extraction technique is used 
to extract DNA from fungal cells. In particular embodi 
ments, a mixture of plural types of glass microspheres 
differentiated by siZe (e.g., diameters of about 106 pm, about 
0.5 mm; and about 3 mm) or differentiated according to a 
particular siZe ratio (e.g., a siZe ratio of a ?rst microsphere 
to a second microsphere of about 1:5, a siZe ratio of the 
second microsphere to a third microsphere of about 1:6, and 
a siZe ratio of the ?rst microsphere to the third microsphere 
of about 1:30) can be used. Alternatively, the ratio of 
diameters of the spheres is about 0.1 to 0.5 to 3.0. 

[0010] Determining Whether the nucleic acid sequence is 
present in the sample can be accomplished by a variety of 
techniques. In some embodiments, a probe is hybridiZed to 
an ITS2 nucleic acid, With detection of hybridiZation indi 
cating that the ITS2 nucleic acid is present in the sample 
(and that the sample came into contact With a dimorphic 
fungus). In particular embodiments, the probe comprises at 
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least 15 contiguous nucleotides, such as at least 20 contigu 
ous nucleotides, of the following probe sequences: Dm 
(SEQ ID NO: 4), Hc (SEQ ID NO: 5), Bd (SEQ ID NO:6), 
Ci (SEQ ID NO: 7), Pb (SEQ ID NO: 8), or Pm (SEQ ID 
NO: 10). In more particular embodiments, the probe consists 
essentially of one these sequences, such as Dm. 

[0011] The probe can hybridiZe a segment of the ITS2 
nucleic acid, such as a particular half, third, quarter, or other 
subdivision of the ITS2 region. In some embodiments, the 
probe hybridiZes to a portion of the ITS2 sequence begin 
ning at about nucleotide 40 to 55, such as about nucleotide 
44, 45, or 51, numbered after the end of the 58S coding 
sequence and extending doWnstream for the length of the 
probe. 
[0012] In some embodiments, the method is capable of 
differentiating a dimorphic fungus from a second dimorphic 
or non-dimorphic fungus, such as Sporothrix schenckii, 
Cryptococcas neoformans, a Candida species, or Pneu 
mocystis carinii. In particular embodiments, the method is 
capable of differentiating Penicilliam marne?rei from Peni 
cilliam camembertii, Penicilliam caseicolam, Penicilliam 
chrysogenam, Penicillium glabram, Penicillium griseofal 
vam, Penicilliam italicam, Penicilliam janthinellam, Peni 
cilliam parparescens, Penicillium citrinam, Penicilliam par 
parogenam, Penicilliam roqaefortii, Penicilliam 
rubefaciens, Penicilliam spinalosam, Sporothrix schenckii, 
Cryptococcas neoformans, a Candida species, an Aspergil 
las species, a F asariam species, aMucor species, aRhizopas 
species, or Pneumocystis carinii. 

[0013] Kits and arrays for carrying out these methods also 
are disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIGS. 1A and 1B illustrate a generaliZed poly 
merase chain reaction-enZyme immunoassay (PCR-EIA) 
method. 

[0015] FIG. 2 is a diagram of fungal rDNA, including the 
hybridiZation sites of primers and probes. 

[0016] FIGS. 3A and 3B illustrate a sequence alignment 
indicating the dimorphic probe (Dm) of several fungal 
species and the locations of microbe-speci?c probes. 

[0017] FIG. 4 is a digital image of PCR products ampli 
?ed from DNA extracted from fungi using the disclosed 
high-throughput method and separated by siZe on an agarose 
gel. 
[0018] FIG. 5 is a digital image of an agarose gel dem 
onstrating PCR sensitivity based on fungal genomic DNA 
isolated by the disclosed high throughput method. 

[0019] FIG. 6 is a digital image of an agarose gel dem 
onstrating detection of amplicons separated via gel electro 
phoresis. 
[0020] FIG. 7 is a digital image of PCR products ampli 
?ed from fungal DNA and separated by siZe on an agarose 
gel. 

SEQUENCE LISTING 

[0021] The nucleic acid sequences listed in the accompa 
nying sequence listing are shoWn using standard letter 
abbreviations for nucleotide bases. Only one strand of each 
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nucleic acid sequence is shoWn, but the complementary 
strand is understood as included by reference to the dis 
played strand. 

[0022] SEQ ID NO: 1 shoWs the nucleic acid sequence of 
fungal universal forWard primer ITS1. 

[0023] SEQ ID NO: 2 shoWs the nucleic acid sequence of 
fungal universal reverse primer ITS4. 

[0024] SEQ ID NO: 3 shoWs the nucleic acid sequence of 
fungal universal capture probe or forWard primer ITS3. 

[0025] SEQ ID NO: 4 shoWs the nucleic acid sequence of 
a probe for endemic dimorphic fungi. 

[0026] SEQ ID NO: 5 shoWs the nucleic acid sequence of 
a probe to the ITS2 region of Histoplasma capsalatam. 

[0027] SEQ ID NO: 6 shoWs the nucleic acid sequence of 
a probe to the ITS2 region of Blastomyces dermatitidis. 

[0028] SEQ ID NO: 7 shoWs the nucleic acid sequence of 
a probe to the ITS2 region of Coccidioides immitis. 

[0029] SEQ ID NO: 8 shoWs the nucleic acid sequence of 
a probe to the ITS2 region of Paracoccidioides brasiliensis. 

[0030] SEQ ID NO: 9 shoWs the nucleic acid sequence of 
a probe to the ITS2 region of Sporothrix schenckii. 

[0031] SEQ ID NO: 10 shoWs the nucleic acid sequence of 
a probe to the ITS2 region of Penicilliam marne?rei. 

[0032] SEQ ID NO: 11 shoWs the nucleic acid sequence of 
a probe to the ITS2 region of Cryptococcas neoformans. 

[0033] SEQ ID NO: 12 shoWs the nucleic acid sequence of 
a probe to the ITS2 region of Pneamocystis carinii. 

[0034] SEQ ID NO: 13 shoWs the nucleic acid sequence of 
a probe to the ITS2 region of Penicilliam citrinam. 

[0035] SEQ ID NO: 14 shoWs the nucleic acid sequence of 
a probe to the ITS2 region of Penicilliam parpurogenam. 

DETAILED DESCRIPTION 

[0036] Explanation of Terms 

[0037] Unless otherWise noted, technical terms are used 
according to conventional usage. De?nitions of common 
terms in molecular biology can be found in Benjamin LeWin, 
Genes VII, published by Oxford University Press, 1999; 
KendreW et al. (eds.), The Encyclopedia of Molecular Biol 
ogy, published by Blackwell Science Ltd., 1994; and Robert 
A. Meyers (ed.), Molecular Biology and Biotechnology: a 
Comprehensive DeskReference, published by VCH Publish 
ers, Inc., 1995; and other similar references. 

a [0038] As used herein, the singular forms “a,”“an,’ and 
“the,” refer to both the singular as Well as plural, unless the 
context clearly indicates otherWise. For example, the term “a 
probe” includes single or plural probes and can be consid 
ered equivalent to the phrase “at least one probe.” 

[0039] As used herein, the term “comprises” means 
“includes.” Thus, “comprising a dimorphic probe” means 
“including a dimorphic probe” Without excluding other 
elements. 

[0040] The term “or” refers to a single element of stated 
alternative elements or a combination of tWo or more 

elements. For example, the phrase “the probe comprising 15 
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contiguous nucleotides of SEQ ID NO: 4 or SEQ ID NO: 10 
refers to a probe comprising 15 contiguous nucleotides of 
SEQ ID NO: 4, a probe comprising 15 contiguous nucle 
otides of SEQ ID NO: 10, or a probe comprising 15 
contiguous nucleotides of SEQ ID NO: 4 and 15 contiguous 
nucleotides of SEQ ID NO: 10. 

[0041] In order to facilitate revieW of the various embodi 
ments of the invention, the folloWing explanations of terms 
are provided: 

[0042] Ampli?cation: of a nucleic acid molecule (e.g., a 
DNA or RNA molecule) refers to use of a technique that 
increases the number of copies of a nucleic acid molecule in 
a sample. An example of ampli?cation is the polymerase 
chain reaction (PCR), in Which a sample is contacted With a 
pair of oligonucleotide primers under conditions that alloW 
for the hybridiZation of the primers to a nucleic acid tem 
plate in the sample. The primers are extended under suitable 
conditions, dissociated from the template, re-annealed, 
extended, and dissociated to amplify the number of copies of 
the nucleic acid. The product of ampli?cation can be char 
acteriZed by such techniques as electrophoresis, restriction 
endonuclease cleavage patterns, oligonucleotide hybridiZa 
tion or ligation, and/or nucleic acid sequencing. 

[0043] The ampli?cation method can be modi?ed in cer 
tain embodiments, including for example modi?cation by 
additional steps or coupling the ampli?cation With another 
protocol. For example, as described in Example 8, a poly 
merase chain reaction-enzyme immunoassay (PCR-EIA) 
method can be used for ampli?cation and differentiation of 
fungi. Such a PCR-EIA method is described in Elie, C. M., 
et al., J. Clin. Microbiol. 36:3260-65 (1998); and Fujita, S., 
et al., J. Clin. Microbiol. 33:962-67 (1995), and this PCR 
EIA method can be modi?ed to suit particular embodiments. 

[0044] FIGS. 1A-B illustrate a generaliZed PCR-EIA 
method. Denatured amplicons are hybridiZed With a biotin 
labeled capture probe (B) and a digoxigenin-labeled detec 
tion probe (D) in an Eppendorf® tube before addition to 
Wells of a streptavidin-coated microtiter plate Horse 
radish peroxidase-conjugated anti-digoxigenin antibody is 
then added, and amplicons bound to the Wells are detected 
colorimetrically at A650mm after addition of TMB-H2O2 
substrate. 

[0045] Other examples of ampli?cation include strand 
displacement ampli?cation, as disclosed in US. Pat. No. 
5,744,311; transcription-free isothermal ampli?cation, as 
disclosed in US. Pat. No. 6,033,881; repair chain reaction 
ampli?cation, as disclosed in WO 90/01069; ligase chain 
reaction ampli?cation, as disclosed in EP-A-320,308; gap 
?lling ligase chain reaction ampli?cation, as disclosed in 
5,427,930; and NASBATM RNA transcription-free ampli? 
cation, as disclosed in US. Pat. No. 6,025,134. 

[0046] Animal: Aliving multi-cellular vertebrate or inver 
tebrate organism, a category that includes, for example, 
mammals and birds. The term mammal includes both human 
and non-human mammals. Similarly, the term “subject” 
includes both human and veterinary subjects. 

[0047] Sample: Encompasses a sample obtained from an 
animal, plant, or the environment. An “environmental 
sample” includes a sample obtained from inanimate objects 
or reservoirs Within an indoor or outdoor environment. 

Environmental samples include, but are not limited to: soil, 
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Water, dust, and air samples; bulk samples, including build 
ing materials, furniture, and land?ll contents; and other 
reservoir samples, such as animal refuse, harvested grains, 
and foodstuffs. 

[0048] A“biological sample” is a sample obtained from a 
plant or animal subject. As used herein, biological samples 
include all clinical samples useful for detection of microbial 
or fungal infection in subjects, including, but not limited to, 
cells, tissues, and bodily ?uids, such as: blood; derivatives 
and fractions of blood, such as serum; extracted galls; 
biopsied or surgically removed tissue, including tissues that 
are, for example, un?xed, froZen, ?xed in formalin and/or 
embedded in paraffin; tears; milk; skin scrapes; surface 
Washings; urine; sputum; cerebrospinal ?uid; prostate ?uid; 
pus; bone marroW aspirates; bronchoalveolar levage (BAL); 
and saliva. In particular embodiments, the biological sample 
is obtained from an animal subject, such as blood, serum, 
cerebrospinal ?uid, BAL, pus, or prostate ?uid. 

[0049] cDNA (complementary DNA): A piece of DNA 
lacking internal, non-coding segments (introns) and tran 
scriptional regulatory sequences. cDNA also can contain 
untranslated regions (UTRs) that are responsible for trans 
lational control in the corresponding RNA molecule. cDNA 
can be synthesiZed in the laboratory by reverse transcription 
from messenger RNA extracted from cells. 

[0050] Dimorphic: “Dimorphic,” or “thermally dimor 
phic,” describes a class of fungi that demonstrate tWo 
different, temperature dependent morphologies in their life 
cycles. At room temperature (about 25° C.), dimorphic fungi 
live in a mold-like phase, including groWing hyphae. At 
body temperature (about 37° C.), dimorphic fungi demon 
strate a yeast-like phase by forming yeast-like cells. 

[0051] The endemic dimorphic fungi include, but are not 
limited to, the folloWing genera and species: Histoplasma 
capsalatam, Blastomyces dermatitidis, Coccidioides immi 
tis, Paracoccidioides brasiliensis, and Penicilliam marnef 
fei. Other dimorphic fungi include, but are not limited to, 
Sporothrix schenkii and Candida species. 

[0052] Fungus: Living, single-celled and multicellular 
organisms belonging to Kingdom Fungi. Most species are 
characteriZed by a lack of chlorophyll and presence of 
chitinous cell Walls, and some fungi can be multinucleated. 
Representative, non-limiting examples of fungi include the 
genera and species listed in Tables 2, 3, and 5-8 beloW, such 
as Histoplasma capsalatam, Blastomyces dermatitidis, Coc 
cidioides immitis, Paracoccidioides brasiliensis, Penicil 
liam marne?rei, Sporothrix schenckii, Cryptococcas neofor 
mans, Candida species, Fasariam species, Rhizopas species, 
Aspergillas species, Macor species, and Pneamocystis cari 
nn. 

[0053] Homolog: A nucleotide sequence that shares a 
common ancestor With another nucleotide sequence; the 
homologs diverged When a species carrying that ancestral 
sequence split into tWo species. 

[0054] Isolated: An “isolated” microorganism (such as a 
bacteria, fungus, or protoZoan) has been substantially sepa 
rated or puri?ed aWay from microorganisms of different 
types, strains, or species. For example, a colony of Penicil 
liam marne?ei Would be considered an “isolated”Penicil 
liam marne?ei. Microorganisms can be isolated by a variety 
of techniques, including serial dilution and culturing. 



US 2005/0260584 A1 

[0055] An “isolated” biological component (such as a 
nucleic acid molecule, protein or organelle) has been sub 
stantially separated or puri?ed aWay from other biological 
components in the cell of the organism in Which the com 
ponent naturally occurs, i.e., other chromosomal and extra 
chromosomal DNA and RNA, proteins, and organelles. 
Nucleic acids and proteins that have been “isolated” include 
nucleic acids and proteins puri?ed by standard puri?cation 
methods. The term also embraces nucleic acids and proteins 
prepared by recombinant expression in a host cell, as Well as 
chemically synthesiZed nucleic acids. 

[0056] ITS2: An internal transcribed spacer sequence of 
fungal rDNA. As illustrated in FIG. 2, a diagram of the 
fungal rDNA region, the ITS2 sequence is located betWeen 
the 5.8S and 28S coding sequences. Additionally, hybrid 
iZation sites for the ITS1 and ITS4 primers are shoWn in the 
phylogenetically conserved 18S and 28S rDNA regions, 
With arroWs designating the direction of ampli?cation (ITS1 
is a forWard primer, While ITS4 is a reverse primer). ITS3 
(Biotin) represents the biotinylated, universal fungal probe 
that binds in the phylogenetically-conserved, 5.8S rDNA 
region. HoWever, non-biotynilated ITS3 also can be used as 
a forWard primer. Probe (Digox.) represents digoxigenin 
labeled, species-speci?c probes Which bind to the less highly 
conserved, ITS2 region, for example (and Without limita 
tion) the probes listed in Table 1 beloW. 

[0057] Oligonucleotide: A linear polynucleotide sequence 
of betWeen 5 and 100 nucleotide bases in length. 

[0058] Operably linked: A?rst molecule, such as a nucleic 
acid or protein, is operably linked With a second molecule 
When the ?rst molecule is placed in a functional relationship 
With the second molecule. For instance, a promoter is 
operably linked to a nucleic acid coding sequence if the 
promoter affects the transcription or expression of the cod 
ing sequence. Additionally, an intron is operably linked to an 
exon for the function of splicing. Generally, operably linked 
nucleotide sequences are contiguous and, Where necessary 
to join tWo protein-coding regions, in the same reading 
frame. 

[0059] ORF (open reading frame): A series of nucleotide 
triplets (codons) coding for amino acids Without any internal 
termination codons. These sequences are usually translat 
able into a peptide. 

[0060] Probes and primers: Nucleic acid probes and prim 
ers can be readily prepared based on the nucleic acid 
molecules provided in this invention. A probe comprises an 
isolated nucleic acid capable of hybridiZing to a template 
nucleic acid, and a detectable label or reporter molecule can 
be attached to a probe. Typical labels include radioactive 
isotopes, enZyme substrates, co-factors, ligands, chemilumi 
nescent or ?uorescent agents, haptens, and enZymes. Meth 
ods for labeling and guidance in the choice of labels appro 
priate for various purposes are discussed in, for example, 
Sambrook et al. (Molecular Cloning: A Laboratory Manual 
(Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
NY, 2001)) and Ausubel et al., eds. (Short Protocols in 
Molecular Biology (John Wiley and Sons, NeW York, NY, 
1999). 
[0061] Primers are short nucleic acid molecules, for 
example DNA oligonucleotides 15 nucleotides or more in 
length. Primers can be annealed to a complementary target 
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DNA strand by nucleic acid hybridiZation to form a hybrid 
betWeen the primer and the target DNA strand, and the 
primer can be extended along the target DNA strand by a 
DNA polymerase enZyme. Primer pairs can be used for 
ampli?cation of a nucleic acid sequence, e.g., by the poly 
merase chain reaction (PCR) or other nucleic acid ampli? 
cation methods. 

[0062] Methods for preparing and using probes and prim 
ers are described, for example, in Sambrook et al.; Ausubel 
et al., eds.; and Innis et al. (PCR Applications, Protocols for 
Functional Genomics (Academic Press, Inc., San Diego, 
Calif., 1999)). PCR primer pairs can be derived from a 
knoWn sequence, for example, by using computer programs 
intended for that purpose such as Primer3 (Whitehead 
Institute for Biomedical Research, Cambridge, Mass.; this 
program is accessible through the Whitehead Institute’s 
Website). 
[0063] The speci?city of a particular probe or primer 
increases With its length. Thus, as one non-limiting example, 
a primer comprising 15 consecutive nucleotides of the R 
marne?ei ITS2 sequence Will anneal to a target sequence, 
such as another ITS2 homolog from the family contained 
Within a R marne?ei genomic DNA library, With a higher 
speci?city than a corresponding primer of only 10 nucle 
otides; thus, in order to obtain greater speci?city, probes and 
primers can be selected that comprise 10, 15, 20, 25, 30, 35, 
40, 50, 75, 100, or more consecutive nucleotides of R 
marne?ei ITS2 sequences. 
[0064] Included are isolated nucleic acid molecules (such 
as probes and primers) that comprise speci?ed lengths of a 
fungal ITS2 sequence. Such molecules can comprise at least 
10, 15, 20, 25, 30, 35, 40, 50, 75, 100, or more consecutive 
nucleotides of the ITS2 sequence, and can be obtained from 
any region of the ITS2 sequence. In some embodiments, the 
ITS2 region is subdivided into smaller parts, such as halves, 
thirds, quarters, ?fths, sixths, tenths, or tWentieths. In par 
ticular embodiments, these divided portions are numbered 
sequentially beginning With the portion adjacent the 58S 
coding region. By Way of example only, an ITS2 sequence 
can be apportioned into halves, thirds, or quarters based on 
sequence length, and the isolated nucleic acid molecules can 
be derived from the ?rst or second halves of the molecules, 
any of the three thirds of the molecules, or any of the four 
quarters of the molecules. 

[0065] The generaliZed ITS2 sequence is diagrammed in 
FIG. 2, and ITS2 sequences for particular fungi can be 
cloned and sequenced using standard techniques (e.g., as 
described in Sambrook et al.) or obtained from public or 
private sequence databases, such as GenBank. Particular 
sequences are listed in Table 1 and the accompanying 
sequence listing. 
[0066] The fungal sequence ampli?ed by the ITS1 and 
ITS4 primers is generally about 600 nucleotides in length 
and can be hypothetically divided into about halves (e.g., 
nucleotides 1 to about 300 and about 301 to about 600) or 
about quarters (e.g., nucleotides 1 to about 150, about 151 to 
about 300, about 301 to about 450, and about 451 to about 
600), for instance. HoWever, as stated above, other divisions 
into segments are possible, such as tenths, ?fths, sixths, and 
eighths. Additionally, any particular portion of the ITS2 
region can be identi?ed With reference to particular nucle 
otides, for example (and Without limitation) nucleotides 
1-55, 40-95, 70-130, 83-157, 200-425, or 315 to 600. 
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[0067] As illustrated in FIG. 2, the ITS2 region is located 
betWeen the 5 .8S and 28S coding sequences of fungal 
rDNA. The ITS2 region is about 200 nucleotides long, and 
the nucleotides in the ITS2 sequence can be numbered 
beginning With the ?rst nucleotide doWnstream of the 58S 
coding sequence and ending With the last nucleotide directly 
in advance of the 28S coding sequence. Similar to the entire 
ITS1-ITS4 amplicon, the ITS2 region can be divided into 
segments, for example (and Without limitation), halves, 
thirds, quarters, ?fths, or tenths. 

[0068] While the length of the ITS2 sequence is about 200 
nucleotides in fungi, the sequence can be shorter or longer 
in a particular fungal species, thus altering the nucleotide 
reference numbers for a particular species. For example, an 
ITS2 sequence from a particular species that is about 180 
nucleotides in length could be split in half by nucleotides 
1-90 and 91-180, or quarters by nucleotides 1-45, 46-90, 
91-135, and 136-180. 

[0069] Segments of an ITS 1-ITS4 amplicon or an ITS2 
region can include one or more nucleotides that overlap into 
a different a segment (half, quarter, third, tenth, etc.), so long 
as the majority of the sequence lies Within a particular 
segment. For example, a 25-nucleotide probe or primer 
corresponding to nucleotides 135 to 160 of a 600 nucleotide 
ITS1-ITS4 amplicon is considered to fall Within the ?rst 
quarter of the sequence, even though 10 nucleotides overlap 
into the second quarter. 

[0070] Nucleic acid molecules can be selected that com 
prise at least 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, or more 
consecutive nucleotides of any of these portions of the 
fungal ITS2 sequence. Furthermore, nucleic acid molecules 
can include only a portion of a particular probe or primer, 
such as a sequence of 5, 10, 15, 20, 25, 30, 40, 50, or more 
contiguous nucleotides of a particular primer, including 
(Without limitation) the probes and primers disclosed herein. 

[0071] Primers include the universal fungal primers for 
PCR ampli?cation commonly knoWn as ITS 1, ITS3, ITS4. 
These primers are listed in Table 1, illustrated in FIG. 2, and 
their sequences are provided by SEQ ID NOS: 1, 2, and 3. 

[0072] As one non-limiting example, the Dm probe can 
comprise at least 25 consecutive nucleotides of the ?rst half 
(nucleotides 1-100), ?rst third (nucleotides 1-66), ?rst quar 
ter (nucleotides 1-50), second third (nucleotides 67-132), or 
second quarter (nucleotides 50-100) of an ITS2 region 200 
nucleotides in length. Sequences from particular fungi cor 
responding to Dm are illustrated in FIG. 3. In this ?gure, the 
Dm sequence is indicated by the shaded box in the upper 
portion of FIG. 3A; sequences are compared to that of 
Histoplasma capsulatum, With identical bases indicated by a 

period and a gap in the sequence indicated by a dash The Dm sequence begins at about nucleotide 30 to about 

nucleotide 60 of the ITS2 sequence, depending on the 
species of fungus, for example (and Without limitation) at 
nucleotide 51 in Histoplasma capsulatum, nucleotide 45 in 
Blastomyces dermatitidis, nucleotide 51 in Coccia'ioides 
immitis, nucleotide 45 in Paracoccia'ioides brasiliensis, and 
nucleotide 44 in Penicillium marne?ei. The Dm probe 
includes the particular nucleotide sequence from Histo 
plasma capsulatum and similar sequences, such as 
sequences demonstrating about 55% to about 100% 
sequence identity, such as about 55%, 60%, 65%, 70%, 
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75%, 80%, 85%, 90%, 95%, 96%, 99% or greater sequence 
identity, including the particular sequences of the fungi 
illustrated in FIGS. 3A-B. 

[0073] As another, non-limiting example, the Pm 
probe—a species-speci?c probe to R marne?ei—can com 
prise at least 18 consecutive nucleotides of the portion 
consisting of nucleotides 90-140 of the R marne?ei ITS2 
sequence. Other species-speci?c and microbe-speci?c 
probes are illustrated by shaded boxes in FIG. 3A-B. 

[0074] A “species-speci?c” probe is a probe shoWn to be 
capable of differentiating a species of fungus from another 
species in the same genus. A “microbe-speci?c” probe is a 
probe that is capable of differentiating a species of fungus 
from another species in a different genus, but that has not yet 
been shoWn to be capable of differentiating that species of 
fungus from another species in the same genus. HoWever, if 
a microbe-speci?c probe is shoWn to be capable of differ 
entiating fungi Within the same genus, then that probe can 
properly be described as “species speci?c.” For example, the 
Bd probe is considered to be a microbe-speci?c probe 
capable of differentiating B. dermatitidis from other fungi. 
Because B. dermatitia'is is the only currently knoWn species 
Within the Blastomyces genus, it cannot currently be deter 
mined Whether the Bd probe also is a species-speci?c probe. 
Another example of a microbe-speci?c probe Would be a 
probe capable of differentiating Penicillium species from 
Candida species, Which can be described as a “genus 
speci?c” probe. 
[0075] Recombinant: A recombinant nucleic acid is one 
that has a sequence that is not naturally occurring or has a 
sequence that is made by an arti?cial combination of tWo 
otherWise separated segments of sequence. This arti?cial 
combination can be accomplished by chemical synthesis or, 
more commonly, by the arti?cial manipulation of isolated 
segments of nucleic acids, e.g., by genetic engineering 
techniques. 
[0076] Sequence identity: The similarity betWeen tWo 
nucleic acid sequences is expressed in terms of the similarity 
betWeen the sequences, otherWise referred to as sequence 
identity. Sequence identity is frequently measured in terms 
of percentage identity, similarity, or homology; a higher 
percentage identity indicates a higher degree of sequence 
similarity. Homologs of fungal ITS2 sequences Will possess 
a relatively high degree of sequence identity When aligned. 
Typically, fungal ITS2 sequences are about 80 to 100% 
identical at the nucleotide level When comparing homologs 
of the same species. HoWever, Within particular portions of 
the IFS2 region, the sequence identity can be more or less. 
For example, among the dimorphic fungi, the portion of the 
ITS2 region adjacent to the 58S coding sequence demon 
strates greater sequence identity (such as about 84 to 100%), 
While the portion of the ITS2 region adjacent the 28S 
sequence demonstrates lesser sequence identity (such as 
about 0 to 44%). 

[0077] The NCBI Basic Local Alignment Search Tool 
(BLAST) (Altschul et al. (1990) J. Mol. Biol. 215:403-410) 
is available from several sources, including the National 
Center for Biotechnology Information (NCBI, Bethesda, 
Md.) and on the Internet, for use in connection With the 
sequence analysis programs blastp, blastn, blastx, tblastn 
and tblastx. It can be accessed through the NCBI Website. A 
description of hoW to determine sequence identity using this 
program also is available on the NCBI Website. 



US 2005/0260584 A1 

[0078] When less than the entire sequence is being com 
pared for sequence identity, homologs typically possess at 
least 75% sequence identity over short windows of 10-20 
amino acids, and can possess sequence identities of at least 
85%, or at least 90%, or even 95% or greater, depending on 
their similarity to the reference sequence. Methods for 
determining sequence identity over such short windows are 
described on the NCBI website. 

[0079] These sequence identity ranges are provided for 
guidance only; it is entirely possible that strongly signi?cant 
homologs could be obtained that fall outside of the ranges 
provided. 

[0080] An alternative indication that two nucleic acid 
molecules are closely related is that the two molecules 
hybridiZe to each other under stringent conditions. Stringent 
conditions are sequence-dependent and are different under 
different environmental parameters. Generally, stringent 
conditions are selected to be about 5° C. to 20° C. lower than 
the thermal melting point (Tm) for the speci?c sequence at 
a de?ned ionic strength and pH. The Trn is the temperature 
(under de?ned ionic strength and pH) at which 50% of the 
target sequence hybridiZes to a perfectly matched probe. 
Conditions for nucleic acid hybridiZation and calculation of 
stringencies can be found in Sambrook et al. and P. Tijssen, 
Hybridization With Nucleic Acid Probes, Part I: Theory and 
Nucleic Acid Preparation (Laboratory Techniques in Bio 
chemistry and Molecular Biology) (Elsevier Science Ltd., 
NY, NY, 1993). Nucleic acid molecules that hybridize 
under stringent conditions to a fungal ITS2 sequence will 
typically hybridiZe to a probe based on either an entire ITS2 
sequence or selected portions of the ITS2 sequence under 
wash conditions of 2><SSC at 50° C. 

[0081] For purposes of the present disclosure, “stringent 
conditions” encompass conditions under which hybridiZa 
tion will only occur if there is less than 25% mismatch 
between the hybridiZation molecule and the target sequence. 
“Stringent conditions” may be broken down into particular 
levels of stringency for more precise de?nition. Thus, as 
used herein, “moderate stringency” conditions are those 
under which molecules with more than 25% sequence 
mismatch will not hybridiZe; conditions of “medium strin 
gency” are those under which molecules with more than 
15% mismatch will not hybridiZe; and conditions of “high 
stringency” are those under which sequences with more than 
10% mismatch will not hybridiZe. Conditions of “very high 
stringency” are those under which sequences with more than 
6% mismatch will not hybridiZe. 

[0082] Transformed: A transformed cell is a cell into 
which a nucleic acid has been introduced by molecular 
biology techniques. The term “transformation” encompasses 
all techniques by which a nucleic acid molecule might be 
introduced into such a cell, including transfection with viral 
vectors, transformation with plasmid vectors, and introduc 
tion of naked DNA by such techniques as electroporation, 
lipofection, and particle gun acceleration. 

[0083] Vector: A nucleic acid molecule as introduced into 
a host cell, thereby producing a transformed host cell. A 
vector can include nucleic acid sequences that permit it to 
replicate in a host cell, such as an origin of replication. A 
vector also can include one or more selectable marker 

nucleic acids and other genetic elements. 
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[0084] High Throughput Isolation of Fungal DNA 

[0085] Disclosed is a high-throughput method for isolat 
ing DNA from prokaryotic and eukaryotic cells, including 
cells of bacteria, fungi, protoZoans, animals, and plants. 
Cells are mechanically disrupted using plural granular mate 
rials, such as beads or microspheres, and standard laboratory 
equipment. For example, the mechanical energy for disrupt 
ing cells can be supplied by a rotary incubator (such as 
models available from New Brunswick Scienti?c, Edison, 
N.J.), rather than specialiZed equipment. After cell disrup 
tion, cellular proteins are precipitated, such as by using a 
concentrated salt solution, and the samples are treated with 
RNase. The remaining nucleic acids (i.e., DNA) are col 
lected from the sample, such as by spin columns or precipi 
tation by alcohol, followed by centrifugation. 

[0086] The granular materials can be composed of any 
substance, such as metal, polymer, or silica, and the indi 
vidual grains can be of any shape, for example (but not 
limited to) spherical, cubical, or pyramidal. Some embodi 
ments employ glass microspheres. 

[0087] The grains can be of any suitable siZe. In some 
embodiments, the grains are about 10 pm to 5 mm, such as 
about 50 pm to 4 mm, or, in particular embodiments, about 
100 pm to about 3 mm. 

[0088] The plural granular materials can be differentiated 
by type of material or siZe of grains. In some embodiments, 
glass microspheres of varying siZes, such as about 100 pm 
to about 3 mm, are used. In particular embodiments, three 
different siZes of glass microspheres are used: a ?rst set of 
glass microspheres of about 100 pm, such as 106 pm; a 
second set of glass microspheres of about 0.5 mm; and a 
third set of glass microspheres of about 3 mm. In other 
particular embodiments, the microspheres can differ in 
diameter by a particular ratio, such as about 1:2, 1:3, 1:4, 
1:5, 1:6, 1:7, 1:8, 1:9, 1:10, 1:15, 1:20, 1:30, 1:50, 1:100, 
1:500, or any other ratio within this range. For example, and 
without limitation, if three differently siZed microspheres are 
used’A, B, and C—the A:B diameter ratio can be about 1:5, 
the B:C diameter ratio can be about 1:6, and the A:C 
diameter ratio can be about 1:30. Alternatively, the ratio of 
diameters can be about X:Y:Z, where X is about 0.05 to 0.2, 
Y is about 0.3 to 0.7, and Z is about 2.5 to 3.5. In particular 
embodiments, the ratio is about 0.1 to 0.5 to 3.0. 

[0089] In still other particular embodiments, the micro 
spheres can be selected according to a desired siZe differ 
ence. For example, and without limitation, a diameter dif 
ference of about (or at least about) 100 pm, 200 pm, 500 pm, 
1 mm, 2 mm, or 5 mm can be provided. 

[0090] Multiple biological samples can be processed 
together via this high-throughput method. Samples can be 
arranged in an array, such as a multi-well plate. Each well 
can contain a sample from the same or different source, and 
plates with different numbers of wells can be used, such as 
an 18-well, 24-well, 36-well, 48-well, 72-well, 96-well, or 
120-well plate. Plates having greater numbers of wells can 
be used, and the individual wells can be of any suitable 
volume, such as (and without limitation) about 0.5 ml, 1.0 
ml, or 2.0 ml. In particular embodiments, a 96-well plate 
having 2.0 ml wells is used. 

[0091] One particular, non-limiting example of this high 
throughput method is provided in Example 2. 
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[0092] Probes 

[0093] Probes capable of hybridizing to isolated fungal 
rDNA are disclosed, some of Which are species-speci?c or 
microbe-speci?c. Additionally, probes that differentiate 
dimorphic fungi (Which, in turn, can be microbe-speci?c or 
species-speci?c from other yeast-like fungi, or yeast species, 
are disclosed and referred to herein as “dimorphic probes.” 
The species-speci?c, microbe-speci?c, and dimorphic 
probes include sequences obtained from the ITS2 sequence 
of fungal DNA. 

[0094] One particular dimorphic probe, Dm, is described 
in Table 1 and FIG. 3. Other, exemplary, non-limiting, 
probes include the species-speci?c and microbe-speci?c 
probes listed in Tables 1-3. 

[0095] In some embodiments, the species-speci?c probes 
correspond to sequences in the doWnstream half, third, 
quarter, ?fth, sixth, or tenth of the ITS2, such as sequences 
adjacent to the 28S coding sequence, While the dimorphic 
probes correspond to sequences in the upstream half, third, 
quarter, ?fth, sixth, or tenth of the ITS2, such as sequences 
adjacent to the 58S coding sequence. HoWever, in some 
embodiments, a minor portion of the probe sequence cor 
responds to sequences that fall Within the 58S or 28S coding 
sequences. Particular dimorphic probes correspond to 
sequences of about 15 to about 50 nucleotides, such as about 
25 nucleotides, Within the portion of the ITS2 region from 
about nucleotide 40 to about nucleotide 80, While particular 
microbe-speci?c probes correspond to sequences of about 
10 to about 50 nucleotides, such as about 15 to about 30 
nucleotides, Within the portion of the ITS2 region from 
about nucleotide 90 to about nucleotide 200. 

[0096] Detecting Fungal rDNA Sequences 

[0097] The presence of a fungus Within a sample can be 
detected using the probe and primer sequences described 
herein. Fungal DNA can be directly detected or ampli?ed 
prior to detection, and identi?cation of the fungi from Which 
the DNA originated can be con?rmed by species-speci?c, 
microbe-speci?c, and/or dimorphic oligonucleotide probes. 
The methods described herein can be used for any purpose 
Where the detection of fungi is desirable, including diagnos 
tic and prognostic applications, such as in laboratory and 
clinical settings. 

[0098] Appropriate samples include any conventional 
environmental or biological samples, including clinical 
samples obtained from a human or veterinary subject, for 
instance blood or blood-fractions (e.g., serum), sputum, 
saliva, oral Washings, skin scrapes, biopsied tissue, BAL, 
cerebrospinal ?uid, or prostate ?uid. Standard techniques for 
acquisition of such samples are available. See, eg Schluger 
et al., J. Exp. Med. 176:1327-33 (1992); Bigby et al., Am. 
Rev. Respir. Dis. 133:515-18 (1986); Kovacs et al., NEJM 
318:589-93 (1988); and Ognibene et al., Am. Rev. Respir. 
Dis. 129:929-32 (1984). Serum or other blood fractions can 
be prepared according to standard techniques; about 200 pL 
of serum is an appropriate amount for the extraction of DNA 
for use in ampli?cation reactions. See, e.g., Schluger et al.; 
Ortona et al., Mol. Cell Probes 10:187-90 (1996). 

[0099] The sample can be used directly or can be pro 
cessed, such as by adding solvents, preservatives, buffers, or 
other compounds or substances. 
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[0100] Once a sample has been obtained, DNA can be 
extracted using standard methods. For instance, rapid DNA 
preparation can be performed using a commercially avail 
able kit (e.g., the InstaGene Matrix, BioRad, Hercules, 
Calif.; the NucliSens isolation kit, Organon Teknika, Neth 
erlands; the QIAGEN Tissue Kit, QIAGEN, Inc., Valencia, 
Calif.). The DNA preparation technique can be chosen to 
yield a nucleotide preparation that is accessible to and 
amenable to nucleic acid ampli?cation. Particular DNA 
extraction and preparation methods include (Without limi 
tation) the high-throughput method described above and the 
method described in Example 1 beloW. 

[0101] Fungal nucleotide sequences can be detected 
through the hybridiZation of an oligonucleotide probe to 
nucleic acid molecules extracted from a biological or envi 
ronmental sample, including a clinical sample. The sequence 
of appropriate oligonucleotide probes Will correspond to a 
region Within one or more of the fungal nucleotide 
sequences disclosed herein. Standard techniques can be used 
to hybridiZe fungal oligonucleotide probes to target 
sequences, such as the techniques described in US. Pat. 
Nos. 5,631,132; 5,426,027; 5,635,353; and 5,645,992; and 
PCT publication WO 98/50584. 

[0102] In some embodiments, the probe is detectably 
labeled in some fashion, either With an isotopic or non 
isotopic label; in alternative embodiments, the target (tem 
plate) nucleic acid is labeled. Non-isotopic labels can, for 
instance, comprise a ?uorescent or luminescent molecule, or 
an enZyme, co-factor, enZyme substrate, or hapten. The 
probe is incubated With a single-stranded preparation of 
DNA, RNA, or a mixture of both, and hybridiZation deter 
mined after separation of double and single-stranded mol 
ecules. Alternatively, probes can be incubated With a nucle 
otide preparation after it has been separated by siZe and/or 
charge and immobilized on an appropriate medium. 

[0103] In some embodiments, target fungal nucleotide 
sequences in a sample are ampli?ed prior to using a hybrid 
iZation probe for detection. For instance, it can be advanta 
geous to amplify part or all of the ITS2 sequence, then detect 
the presence of the ampli?ed sequence pool. Any nucleic 
acid ampli?cation method can be used, including the poly 
merase chain reaction (PCR) ampli?cation. In particular 
embodiments, the PCR-EIA method is used for the ampli 
?cation and detection of fungi; the PCR-EIA is described 
herein, such as in Example 8, and illustrated in FIGS. 1-2. 

[0104] The sequential use of universal fungal primers for 
PCR ampli?cation and microbe-speci?c probes can be used 
to identify fungi. Universal fungal primers directed to the 
ITS1 and ITS4 regions of rDNA (See FIG. 2) alloW ampli 
?cation of a major portion of rDNA from most fungi, rather 
than that from only a single fungal species. The rDNA gene 
offers a suitable ampli?cation target, not only because it 
contains binding sites for universal fungal primers, but also 
because the chromosome on Which this gene is located 
contains approximately 100 gene copies that offer “pre 
ampli?cation” to increase amplicon yield and test sensitiv 
ity. Therefore, in some embodiments, the use of universal 
primers and a multiple copy gene target (rDNA) has greater 
utility and sensitivity for the identi?cation of fungi in 
diverse samples than offered by gene targets of other 
embodiments. 

[0105] While PCR-EIA offers one method of amplicon 
detection and identi?cation of fungi, other methods of 
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identi?cation can be used. Amplicons can be produced using 
microbe-speci?c primers and detected by electrophoresis in 
agarose gels and ethidium bromide staining. See, e.g., Aoki, 
F. H., et al., J. Clin. Microbiol. 37:315-20 (1999). The 
presence of a band in such an agarose gel is considered a 
positive result using speci?c primers. HoWever, because 
different species of fungi can produce similar siZe ampli 
cons, amplicon siZe detection can be supplemented With 
other identi?cation methods. 

[0106] Alternatively, the presence of a unique banding 
pattern after restriction enZyme digestion of fungal DNA, 
including DNA obtained by ampli?cation, such as PCR, can 
be used for species identi?cation, including methods com 
monly knoWn as “genetic ?ngerprinting” based on restric 
tion-fragment length polymorphism (RFLP) or randomly 
ampli?ed polymorphic DNA (RAPD) analysis. See, e.g., 
Morace, G., M. et al., J. Clin. Microbiol. 35:667-72 (1997). 

[0107] Species-speci?c probes can be used to obtain a 
?nal identi?cation of a ?ngus using Southern blot, slot blot, 
dot blot, or another similar method. See, e.g., Sandhu, G. S., 
et al., J. Clin. Microbiol. 35:1894-96 (1997); Sandhu, G. S., 
et al., J. Clin. Microbiol. 33:2913-19 (1995); and Tanaka, K., 
et al., J. Clin. Microbiol. 34:2826-28 (1996). Additionally, 
an identi?cation method using universal primers Was devel 
oped by Turenne et al. (J. Clin. Microbiol. 37:1846-51 
(1999)), in Which fungi are identi?ed by the exact siZe of 
ampli?ed DNA using an automated ?uorescent capillary 
electrophoresis system. 

[0108] The probes described herein not only provide a 
means to identify fungi in culture, but also aid in the 
histological identi?cation of fungi in other samples, such as 
environmental and biological samples. Application of these 
probes to fungi in tissue sections can alloW the differentia 
tion of truly invasive organisms from simple coloniZers, and 
multiple techniques can be employed to identify fungi in 
tissue using these probes. In some embodiments, fungal 
DNA is extracted from the tissue and identi?ed by PCR 
EIA. In other embodiments, the probes can be used for in 
situ hybridiZation, alloWing localiZation of fungal DNA 
directly in the tissue. In still other embodiments, the com 
bination of PCR and in situ hybridiZation procedures, Where 
the target DNA is both ampli?ed and hybridiZed in situ, can 
be employed. None of these methods should be considered 
mutually exclusive, hoWever. 

[0109] PCR-EIA alloWs ampli?cation and detection of 
small quantities of DNA, such as quantities of only a feW 
nanograms, a feW picograms, or less. Conceivably, PCR 
EIA can be able to detect only a feW molecules of fungal 
DNA present in a sample. HoWever, sensitivity of a PCR 
based assay, such as PCR-EIA, can be enhanced by various 
modi?cations of the technique. For example, nested PCR 
utiliZes a second set of primers, internal to the original set of 
primers, to re-amplify the target DNA using the amplicons 
from the ?rst PCR as a template for the second PCR. See, 
e.g., PodZorski, R. P., and D. H. Persing, in Manual of 
Clinical Microbiology, 6th ed., P. R. Murray, et al. (eds.), 
(ASM Press, Washington, DC, 1995); and Rappelli, P., R., et 
al., J. Clin. Microbiol. 36:3438-40 (1998). Additionally, the 
PCR reaction can be continued through more cycles, con 
tinuing the geometric increase of DNA ampli?ed, and alter 
native forms of Taq polymerase are available that have 
increased stability and accuracy throughout an increased 
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number of PCR cycles. Commercially available Taq poly 
merases can be obtained from Roche Molecular Systems 

(Pleasanton, Calif.), Seikagaku America (Falmouth, Conn.), 
and other commercial suppliers. 

[0110] Fungal Pro?ling Arrays 
[0111] An array containing a plurality of heterogeneous, 
dimorphic, microbe-speci?c, and/or species-speci?c probes 
can be used to screen a sample for the presence of a fungus. 
Such arrays can be used to rapidly detect and identify a 
fungus, for example a dimorphic fungus or a fungus of a 
particular species or genus, such as Penicillium marne?ei. 

[0112] Arrays are arrangements of addressable locations 
on a substrate, With each address containing a nucleic acid, 
such as a probe. In some embodiments, each address cor 
responds to a single type or class of nucleic acid, such as a 
single probe, though a particular nucleic acid can be redun 
dantly contained at multiple addresses. A “microarray” is a 
miniaturiZed array requiring microscopic or otherWise 
assisted examination for detection of hybridiZation. Larger 
“macroarrays” alloW each address to be recogniZable by the 
naked human eye and, in some embodiments, a hybridiZa 
tion signal is detectable Without additional magni?cation. 
The addresses can be labeled, keyed to a separate guide, or 
otherWise identi?ed by location. 

[0113] In some embodiments, a fungal pro?le array is a 
collection of separate probes at the array addresses. As one, 
non-limiting example, the array can contain the probes listed 
in Table 1. The fungal pro?ling array is then contacted With 
a sample suspected of containing fungal nucleic acids under 
conditions alloWing hybridiZation betWeen the probe and 
nucleic acids in the sample to occur. Any sample potentially 
containing, or even suspected of containing, fungal nucleic 
acids can be used, including nucleic acid extracts, such as 
ampli?ed or non-ampli?ed DNA or RNA preparations. A 
hybridiZation signal from an individual address on the array 
indicates that the probe hybridiZes to a nucleotide Within the 
sample. This system permits the simultaneous analysis of a 
sample by plural probes and yields information identifying 
the fungal DNA or RNA contained Within the sample. In 
alternative embodiments, the array contains fungal DNA or 
RNA and the array is contacted With a sample containing a 
probe. In any such embodiment, either the probe or the 
fungal DNA or RNA can be labeled to facilitate detection of 
hybridiZation. 
[0114] The nucleic acids can be added to an array substrate 
in dry or liquid form. Other compounds or substances can be 
added to the array as Well, such as buffers, stabiliZers, 
reagents for detecting hybridiZation signal, emulsifying 
agents, or preservatives. 

[0115] Within an array, each arrayed nucleic acid is 
addressable—its location can be reliably and consistently 
determined Within the at least the tWo dimensions of the 
array surface. Thus, ordered arrays alloW assignment of the 
location of each nucleic acid at the time it is placed Within 
the array. Usually, an array map or key is provided to 
correlate each address With the appropriate nucleic acid. 
Ordered arrays are often arranged in a symmetrical grid 
pattern, but nucleic acids could be arranged in other patterns 
(e.g., in radially distributed lines, a “spokes and Wheel” 
pattern, or ordered clusters). 

[0116] An address Within the array can be of any suitable 
shape and siZe. In some embodiments, the nucleic acids are 
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suspended in a liquid medium and contained Within square 
or rectangular Wells on the array substrate. However, the 
nucleic acids can be contained in regions that are essentially 
triangular, oval, circular, or irregular. The overall shape of 
the array itself also can vary, though in some embodiments 
it is substantially ?at and rectangular or square in shape. 

[0117] Fungal pro?ling arrays can vary in structure, com 
position, and intended functionality, and can be based on 
either a macroarray or a microarray format, or a combination 
thereof. Such arrays can include, for example, at least 10, at 
least 25, at least 50, at least 100, or more addresses, usually 
With a single type of nucleic acid at each address. In the case 
of macroarrays, sophisticated equipment is usually not 
required to detect a hybridiZation signal on the array, though 
quanti?cation can be assisted by standard scanning and/or 
quanti?cation techniques and equipment. Thus, macroarray 
analysis as described herein can be carried out in most 
hospitals, agricultural and medial research laboratories, uni 
versities, or other institutions Without the need for invest 
ment in specialiZed and expensive reading equipment. 

[0118] Examples of substrates for the phage arrays dis 
closed herein include glass (e.g., functionaliZed glass), Si, 
Ge, GaAs, GaP, SiO2, SiN4, modi?ed silicon nitrocellulose, 
polyvinylidene ?uoride, polystyrene, polytetra?uoroethyl 
ene, polycarbonate, nylon, ?ber, or combinations thereof. 
Array substrates can be stiff and relatively in?exible (e.g., 
glass or a supported membrane) or ?exible (such as a 
polymer membrane). One commercially available product 
line suitable for probe arrays described herein is the Micro 
lite line of Microtiter® plates available from Dynex Tech 
nologies UK (Middlesex, United Kingdom), such as the 
Microlite 1+ 96-well plate, or the 384 Microlite+ 384-Well 
plate. 
[0119] Addresses on the array should be discrete, in that 
hybridiZation signals from individual addresses should be 
distinguishable from signals of neighboring addresses, either 
by the naked eye (macroarrays) or by scanning or reading by 
a piece of equipment or With the assistance of a microscope 
(microarrays). 
[0120] Addresses in a macroarray can be of a relatively 
large siZe, such as large enough to permit detection of a 
hybridiZation signal Without the assistance of a microscope 
or other equipment. Thus, addresses of a macroarray can be 
as small as about 0.1 mm across, With a separation of about 
the same distance. Alternatively, addresses can be about 0.5, 
1, 2, 3, 5, 7, or 10 mm across, With a separation of a similar 
or different distance. Larger addresses (larger than 10 mm 
across) are employed in certain embodiments. The overall 
siZe of the array is generally correlated With siZe of the 
addresses (i.e., larger addresses Will usually be found on 
larger arrays, While smaller addresses can be found on 
smaller arrays). Such a correlation is not necessary, hoWever. 

[0121] The arrays herein can be described by their densi 
ties—the number of addresses in a certain speci?ed surface 
area. For macroarrays, array density can be about one 
address per square decimeter (or one address in a 10 cm by 
10 cm region of the array substrate) to about 50 addresses 
per square centimeter (50 targets Within a 1 cm by 1 cm 
region of the substrate). For microarrays, array density Will 
usually be one or more addresses per square centimeter, for 
instance, about 50, about 100, about 200, about 300, about 
400, about 500, about 1000, about 1500, about 2,500, or 
more addresses per square centimeter. 
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[0122] The use of the term “array” includes the arrays 
found in DNA microchip technology. As one, non-limiting 
example, the probes could be contained on a DNAmicrochip 
similar to the GeneChip® products and related products 
commercially available from Affymetrix, Inc. (Santa Clara, 
Calif.). Brie?y, a DNA microchip is a miniaturiZed, high 
density array of probes on a glass Wafer substrate. Particular 
probes are selected, and photolithographic masks are 
designed for use in a process based on solid-phase chemical 
synthesis and photolithographic fabrication techniques, 
similar to those used in the semiconductor industry. The 
masks are used to isolate chip exposure sites, and probes are 
chemically synthesiZed at these sites, With each probe in an 
identi?ed location Within the array. After fabrication, the 
array is ready for hybridiZation. The probe or the nucleic 
acid Within the sample can be labeled, such as With a 
?uorescent label and, after hybridiZation, the hybridiZation 
signals can be detected and analyZed. 

[0123] Detecting Infection and Disease 

[0124] The method also includes diagnosing or detecting 
certain classes of infections With dimorphic fungi, by using 
the Dm probe (or a fragment or variant thereof) to detect the 
presence of infection With a dimorphic fungus, such as H. 
capsulatum, B. dermatitia'is, C. immitis, R brasiliensis, or R 
marne?ei. Once the presence of the dimorphic fungal infec 
tion is established using the Dm probe, these different 
dimorphic fungal infections can be further distinguished 
from one another by exposing the specimen to a microbe 
speci?c or species-speci?c probe, such as the Hc probe (or 
a fragment or variant thereof) Which speci?cally binds to H. 
capsulatum but not B. dermatitia'is, C. immitis, R brasilien 
sis, or R marne?ei; the Ed probe Which binds speci?cally to 
B. dermatitidis but not H. capsulatum, C. immitis, R bra 
siliensis, or R marne?ei; the Ci probe (or a variant or 
fragment thereof) Which binds speci?cally to C. immitis but 
not H. capsulatum, B. dermatitia'is, R brasiliensis, or R 
marne?ei; the Pb probe (or a variant or fragment thereof) 
Which binds speci?cally to H. capsulatum, B. dermatitia'is, 
C. immitis, orR marne?ei; and/or the Pm probe (or a variant 
or fragment thereof) Which binds speci?cally to R marne?ei 
but not H. capsulatum, B. dermatitia'is, C. immitis, or R 
brasiliensis. 

[0125] As used herein, each species-speci?c or microbe 
speci?c probe refers to a probe that binds to the nucleic acid 
sequence of a species With a speci?city sufficient to distin 
guish different species from one another. In particular 
examples, that speci?city is at least 3.0, or at least 7.0, as 
measured by an EIA index (EI) equal to the optical density 
of the test DNA (i.e., the probe tested) divided by the optical 
density of a Water blank. One particular, non-limiting 
example of determining EI is provided in Example 10. 

[0126] In certain examples, a probe can bind to tWo 
species detectably (as with Ed Which binds to B. dermatitidis 
With a higher speci?city (11.9) than it binds to C. immitis 
(4.3)), but the higher speci?city can be used to distinguish 
the tWo. Alternatively, a specimen With nucleic acid that 
detectably binds to the Ed probe also can be probed With the 
Ci probe, to distinguish B. dermatitidis from C. immitis 
infection. 

[0127] When referring to species-speci?c or microbe 
speci?c probes, it is understood that this refers to a probe 
having a speci?city of probe binding of at least 3.0 EI for the 
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nucleic acid of the fungus of interest, such as H. capsulatum, 
B. dermatitidis, C immitis, R brasiliensis, or R marne?ei. 
Particular, non-limiting, examples of the microbe-speci?c 
probes are Hc, Ci, or Pb, while Pm is a particular, non 
limiting, example of a species-speci?c probe. However, 
species-speci?c and microbe-speci?c probes also refer to 
variants, fragments, and longer probes that contain the 
species-speci?c or microbe-speci?c sequences of the dis 
closed sequences. 

[0128] Aprobe speci?c for a dimorphic fungus refers to a 
probe having a sequence that binds to the nucleic acid of a 
dimorphic fungus with suf?cient speci?city to distinguish 
the fungus from a non-dimorphic fungus, such as S. 
schenckii, C. neoformans, or other organism, such as R 
carinii. In particular examples, the probe speci?cally binds 
to the dimorphic fungus with a speci?city of at least 2.5, 3.0, 
or 5.0 El. 

[0129] A“variant” of a probe includes sequences that have 
altered nucleic acid sequences, but retain their ability to bind 
to the target sequences (and identify the fungal target) with 
sufficient speci?city. In some particular examples, no more 
than 1, 2, 5, or 10 nucleic acids are changed, or the probe 
retains at least 80%, 85%, 90%, or 95% sequence identity to 
the original probe. Variants also include probe sequences to 
which an additional nucleic acid sequence has been added, 
while still retaining the noted speci?city of the probes. 
Fragments include shortened probe sequences (or subse 
quences) of a probe that also retains the noted speci?city. 

[0130] Any of these variants or fragments can be screened 
for retention of speci?city by determining the El of the 
variant or fragment, such as (and without limitation) by the 
assay described in Example 10. However, because the El is 
based on a ratio, and not an absolute measurement, other 
techniques for measuring hybridiZation, rather than optical 
density of a colored dye, can be used. 

[0131] Kits 

[0132] The oligonucleotide primers and probes disclosed 
herein can be supplied in the form of a kit for use in 
detection of fungi, including kits for any of the arrays 
described above. In such a kit, an appropriate amount of one 
or more of the oligonucleotide primers and/or probes is 
provided in one or more containers or held on a substrate. An 

oligonucleotide primer or probe can be provided suspended 
in an aqueous solution or as a freeZe-dried or lyophiliZed 

powder, for instance. The container(s) in which the oligo 
nucleotide(s) are supplied can be any conventional container 
that is capable of holding the supplied form, for instance, 
microfuge tubes, ampules, or bottles. In some applications, 
pairs of primers can be provided in pre-measured single use 
amounts in individual, typically disposable, tubes or equiva 
lent containers. With such an arrangement, the sample to be 
tested for the presence of fungal nucleic acids can be added 
to the individual tubes and ampli?cation carried out directly. 

[0133] The amount of each oligonucleotide primer sup 
plied in the kit can be any appropriate amount, and can 
depend on the target market to which the product is directed. 
For instance, if the kit is adapted for research or clinical use, 
the amount of each oligonucleotide primer provided would 
likely be an amount suf?cient to prime several PCR ampli 
?cation reactions. General guidelines for determining appro 
priate amounts can be found in Innis et al., Sambrook et al., 
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and Ausubel et al. Akit can include more than two primers 
in order to facilitate the PCR ampli?cation of a larger 
number of fungal nucleotide sequences. 

[0134] In some embodiments, kits also can include the 
reagents necessary to carry out PCR ampli?cation reactions, 
including DNA sample preparation reagents, appropriate 
buffers (e.g., polymerase buffer), salts (e.g., magnesium 
chloride), and deoxyribonucleotides (dNTPs). 
[0135] Kits can include either labeled or unlabeled oligo 
nucleotide probes for use in detection of fungal nucleotide 
sequences. The appropriate sequences for such a probe will 
be any sequence that falls between the annealing sites of the 
two provided oligonucleotide primers, such that the 
sequence that the probe is complementary to is ampli?ed 
during the PCR reaction. In some embodiments, the probe is 
complementary to a sequence within the fungal ITS2 region. 

[0136] One or more control sequences for use in the PCR 
reactions also can be supplied in the kit. Appropriate positive 
control sequences can be essentially as those discussed 
above. 

[0137] Particular embodiments include a kit for detecting 
and identifying a fungus based on the arrays described 
above. Such a kit includes at least two different probes (as 
described above) and instructions. A kit can contain more 
than two different probes, such as at least 10, at least 25, at 
least 50, at least 100, or more probes. The instructions can 
include directions for obtaining a sample, processing the 
sample, preparing the probes, and/or contacting each probe 
with an aliquot of the sample. In certain embodiments, the 
kit includes a device or apparatus for separating the different 
probes, such as individual containers (e.g., microtubules) or 
an array substrate (e.g., a 96-well or 384-well microtiter 
plate). In particular embodiments, the kit includes prepack 
aged probes, such as probes suspended in suitable medium 
in individual containers (e.g., individually sealed Eppen 
dorf® tubes) or the wells of an array substrate (e.g., a 
96-well microtiter plate sealed with a protective plastic 
?lm). In other particular embodiments, the kit includes 
equipment, reagents, and instructions for extracting and/or 
purifying nucleotides from a sample. 

EXAMPLES 

[0138] The following examples are provided to illustrate 
particular features of certain embodiments, but the scope of 
the claims should not be limited to those features exempli 
?ed. 

Example 1 

Isolation of Fungal DNA 

[0139] One loopful of yeast phase B. dermatitidis (strains 
4478, KL-l (ATCC 26198), or A2 (ATCC 60916)), was 
inoculated into 10 ml of Brain Heart Infusion broth (Difco, 
Becton Dickinson, Sparks, Md.) in a 50 pl Erlenmeyer ?ask 
and incubated at 37° C. on a rotary shaker (140 rpm) for 48 
to 72 h. The suspension was then transferred to a 30 ml 
centrifuge tube (Oak Ridge, Nalge, Rochester, NY.) and 
centrifuged for 3 min at 2000><g. Genomic DNA was 
extracted and puri?ed using a commercial kit (PureGene 
Yeast and Gram Positive DNA Isolation Kit; Gentra Systems 
Inc., Minneapolis, Minn.) following the manufacturer’s pro 
tocol. 


























